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Handheld CZT Radiation Detector 
«Ar i^nROITND OFTHF INVENTION 

1. r.nvernmcntal Rights 

5 TWs invention was made under Govemmen, Contract Nutnber W-7405-ENG-35 

awarded by the United States Depa«n,ent of Energy to The Regents of the Un.vers.ty of 
California. The Government has certain rights in the invention. 



2. The Field of 'hg Invention 

,0 The present mvent.on relates to a portable device for detecting radiation and, 

more particularly, to a handheld CZT radiation detector. 



T, The Rctcvant Technology 

Radioactive materials are unstable and emit radiation in the fon.. of alpha, beta, 
1 5 gamma, or X-rays. Many different types of radiation detectors have been designed and 
manufactured to produce data corresponding to radioactive materials. 

One type of radiation detector is a pulse mode detector, in which a separate 
electrical pulse is generated for each individual radiation quantum (e.g., a gamma ray) 

detector, which is often cooled 



that interacts with a detector, A high-punty germanium 
0,MI 20 by liquid nitrogen, IS one example ofa pulse-mode detector. By way of example, a 



- C£. ^ 



.„nn,a ray interacts wtth a detector surface coupled to a cathode and an anode. A 
,o„ „f ,l,c cnerttv of the gam.na ray ntay be deposited on the detector to produce a 
I ' ' '.Hargc. Fron, the po,„, of intcract.on. freed electrons drift towards the anode and ,ons ,or 
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holes, dnft towards the cathode. A signal relating to the produced charge .s often 
captured and „ranipu,ated by charge-sensitive prea.pl.fers and shap.ng an^pl.fiers, 

,o„, ,a„ because the energy produced by .be gan,n,a-ray tnteraCton decreases gradually. 

penod of tune. The peak amplitude of such a voltage pulse .s proportronal to the energy 

deposited on a detector by a gamma ray. 

A„alog-to-d,g,tal converters (ADCs) are fre,uent,y employed to generate a d.gita, 
™,.ber indicatrng the hetght, or the anrplttude, of each voltage pulse. Such d.gttal pulse 
data ntay be gathered and analyzed to leant ntore about the co,«spo„d,ng radtoactive 
,™tena,. For exanrpic, the d.gtttzed pulse data nray be categorized ,nto channels, each 

, , „. ,;„,,, .vh„ h the amplitude ot the pulse 

channel indicating a spectre energy leve, .antj- -l- 

falls. Rnergv levels are often measured ,n kiloelectron volts (KeVs). Devices that 
analyze multtple channels of pulse data are called mult.-ehannel analyzers. Pulse data is 
often displayed on a chart showing the nunrber of pulses (or counts, that the detector 
receives at a specific energy level range. 

These charts fre,ue„tly show a scnes ofeonseeuttve energy level ranges and a 

of c. s reccved ,n each range. Th,s data so configured ,s frequently refe.ed 

,0 as pulse he,gh, data or a pulse be.gh, d,stnhut,on. Bv analyzing pulse be.gh, data, 

, , , ,,„,,,vition< '■e-ninlini! the corresponding radioactive 
0 expeil. m the iieid nKi> nuiKc daunimation .c, 

malenal. Such determmal.ons may he made !)> a.toittat.d a, . 
inspection, or a combination of the two. 



Pulse height data is particularly useful m detemtinuig the composition of a 
corrcspondn-g radtoaCivc material. Dtffercn, radioisotopes entit rad,a.,o„ at varying 
energy levels. For example, pluton,um-2.19 emits gantma radta.ion of appro.ximately 
203. 330. 375. 414, and 451 KeVs. among other energy levels. By examining the energy 
5 levels and tntensity of such peaks within the pulse height data, the source of the radiation 

may be identified. 

One application of this technology relates to radioisotope detection and 
ide„t,f.ea,ion to prevem tllegal transportation of nuclear matenals. The U.S. Customs 
Service, the Federal Bureau of Investigation, the U.S. Secret Service, and the 
,0 International Atomic Energy Agency (IAEA.) share this common interest. The United 
States is particularly concenied about shipmcnis of fissionable nuclear matenals such as 

. , ■ i;.t^ <x>n^umer-health advocates arc 

uranium or plutonium. Likewise, ciwnuiua^^i^aA.^. c..u. - ^- - - 

similarly coneemed about detecting and identifying radioactive matenals. 

A radioisotope detector's resolution affects its ability to accurately detect and 

1 5 Identify radioisotopes. Ideally, pulses generated by a detector fall withm discrete 

channels, creating tall and narrow peaks. However, because of poor resolution, peaks are 

frequently spread over a number of channels. Poor resolution can be the result of a 

number of factors, including noise produced by pulse-processing electronics and 

variation m a detector's parameters. If the resolution of a detector is poor, it may be 

,..Mblc tu Kicntitv discrete peak, characteristic of a particular radioactive material 

,, ,. ui M-i •(vrti^c .pdl^. indi^fimiuishablc. thu'Jmakmgit 
because the peaks will siiupiv Oi^nJ lO^^c...^. ..i.u 

difficult or impossible to accurately identity a corresponding radioisotope. 
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The resolution of a detector is often measured employing a fnll-widlh-at-half- 
maximum (FWHM) terminology. FWHM may be expressed as a ratio of the w.dth of the 
peak at halfof the peak's maximum value over the peak's maximum value. This ratio is 
frequently given as a percentage, and small values correspond to narrow peaks and good 

5 energy resolution. 

Conventionally, thallium (Nal(Tl)) scintillators and high-punty gennanium 
detectors have been used for in-tield radioisotope analysis. Scintillators, however, suffer 
from poor resolution, resulting in a low-confidcncc level in data produce thereby. The 
resolution of a scintillator is typically about only 7% FWHM at 662 KeV. 

1 0 While high-purity gennanium detectors provide excellent resolution, they suffer 

from a number of serious disadvantages. These detectors require in-field calibration to 

, ■ -! .,- T.^ ,iiKi-ii(Mh(^^c <ieMces. ot\H)ursc. requires 
ensure the accuraey ot the reaauigi lakcii. v.c.ii.....i- - 

transportation of a rad,oaetive matenal from whieh to gauge the deteetor. This is 
extremely cumbersome, dangerous, and frequently requires governmental Ueensmg. 
15 Furthe^ore, high-punty gem.amum detectors must be cooled to Uquid-mtrogen 
temperatures and are extremely fragde. Extensive training is required to correctly 

operate this type of detector. 

.Another concern with conventional portable radiation detectors deals with 
automated analvsis to detennine the composition of a corresponding radioacive material. 
:„ , ,„ncnnonal ,cchn,c,ues. «„eh as die (-hi-suunre analvsis. are iiitlexible and do no, 

,, .,u ,n ils-i- In-ficld analvMs often mvnlves 
consider the \anaDics [)icsc!il vv.ttt • 

unknown distances between the detector and radioactive matenal, an unknown ioim of 
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the radioactive matenal (gas, soUd, or hquid), and unknown bamers between the 
radioactive matenal and detector. Conventional techniques are rigid and, as such, may 
provide unsatisfactory results given these vanablcs. Moreover, the conventional 
techmques are computationally intensive, particularly for the limited resources of 
5 portable devices. Thus, employing such techmques may draw substantial resources (e.g., 
battery power) from the portable detector and may not produce timely or accurate results. 

Consequently, it would be an advancement in the art to provide a portable 
radiation detector having automated radioisotope identification capabilities sufficiently 
flexible to adapt to the variables of in-field analysis. It would be a tbrther advancement 
10 in the art to provide a portable radiation detector which operates at room temperatures, 
does not require in-field calibration, is not fragile, does not require training to use, and 



15 



RRTFF SUMMARY OF THE IN VENTION 

A handheld cadmium zinc tellunde (CZT) radiation detector provides a portable 
radiation detector implementing a fuzzy-logic radioisotope identification procedure 
adapted to in-field analysis. This iu/zy-logic procedure is computationally less intensive 
and more flexible than conventional identification algorithms used in portable radiation 
detectors, thus providing timely and more accurate results to an end-user and extending 
20 the .letector's hatterv life. Furthermore, m one embodiment, the handheld CZT radiation 



dctccUH- iinplcmciih. ,! coplan.u gn 



,1 CZT Lianima rav sensor which provides higher 



reso 



solution than conventional scintillators, but does not require in-field calibration or 
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cooling to liquid-mtrogen temperatures like high-punty gemianium detectors. To be 
n.ore specific, the handheld CZT radiation detector provides about twice the resolution of 
a conventional scintillator and may be operated by untrained individuals, unlike a high- 
punty gen^amum detector. In addition, as the name implies, the handheld CZT radiation 
detector is sized to be held in a person's hand, just as a personal data assistant (e.g., a 
PalmPilot %y Palm, Inc.). Thus, the handheld CZT radiation detector is substantially 
smaller than conventional portable radiation detectors. In addition, the handheld CZT 
radiation detector is user-fnendly because, in one embodiment, a user may interact with 
the detector through a personal data assistant. 

The handheld CZT radiation detector may comprise a sensor for sensing gamma 
rays employing cadmium zinc tellunde (CZT). The sensor may be coupled to a processor 
for processing commands siorcd in memory. 

The sensor may be a CZT gamma-ray sensor. A CZT gamma-ray sensor may 
include any gamma-ray sensor using a CZT crystal. A CZT gamma-ray sensor may 
farther comprise circuitry for converting charge produced by a gamma ray interacting 
with the CZT crystal into a shaped voltage pulse, which may be referred to as gamma-ray 
data. The amplitude of the shaped voltage pulse is proportional to the energy deposited 
on the CZT crystal by a gamma ray C7T gamma-rav sensors arc known, and those 
skilled m the art will understand that such sensors may be configured in numerous ways 
f f 7 2 20 and >U\\ fa!! withm the ^copc (^f this invention. 

, Z 1 gamn,a-a> >cn.ors ;.dadc. ,n .n.hod,ment. a cop!anar end ( 7J 
gamma-ray sensor. The coplanar grid CZf gamma-ray sensor collects two sepa.alc 
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anode signals from the CZT crystal One signal .ndica.es energy produced by charge 
n,„.,o„ ,n the CZT crystal and the other indicates the energy produced by both the charge 
nrotton and an interact.on wt.h a gamtna ray. By subtraenng the two s.gnals u.ng a 
differencng ampl.fter, the charge motion may be removed from the signal, producing 
5 excellent resolut.on. A shap.ng amplifier then modtfies the pulse. Coplanar gnd CZT 
gamma-ray sensors arc known, and those sk.lled in the art are familiar with the numerous 
ways m whtch such sensors ,nay be configured and sttll fall wtthin the scope ofthts 
invention. 

use of a coplanar gnd CZT gatBma-ray sensor in a portable dev.ce results in a 
,0 number of advantages over conventional portable radiation detectors. Coplanar gnd CZT 

, -,„,.nle correctly in a wide range of temperatures (e.g.. about - 1 0° to 
gamina-ray sensois operate coirecLiy j t 

about I 50° Celsius), unlike conventional iiigl,-Hu,,.j tci 1... 

coixectly only a. Imuid-nitrogen temperatures. In addition, a coplattar gnd CZT gamma- 
ray sensor provides far superior resolution to conventional scintillators. 
1 5 The handheld CZT radiation detector may further comprise a multichannel 

analyzer (MCA) for performing multi-channel analysis. In one enrbodiment, the MCA is 
coupled to the sensor and processor. An MCA ,s configured to produce pulse height data 
oorrespondmg t<, the gamma-ray data. Stated more preciselv. the MCA receives a shaped 

I f.,^ .,nrl rnnverts the volta«e pulse into a digital number 
liaue pulse (eamma-ray data) and convcns mtwna^ i 

. . K, fhc -u'lsc The Mr '\ then catcuon/es the pulse nito an energy 

., „ .,- ,,.i ,,,-,1h. ui,,nhrf ..t~ pulses (or C(nint^'( 
level range (a ehannel ). 1 he .vk a Kccp. tia.k ...a 
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received ,„ a given channel, producng count patterns, or pulse he.ght data. Thus, the 
MCA is configured to produce pulse heigh, data corresponding to the gantma-ray data. 

The handheld CZT radiation detector may further comprise an analysis 
component for compilmg a ranked hsting of radioisotopes corresponding to the pulse 
5 hetght data. The radioisotopes are ranked by how closely they fit the pulse height data. 
The analyzer may be coupled to the MCA and processor. 

m one embodiment, the analysis component may compose a fuzzy-logic 
component. Counttng statistics and measurement geometnes can mask or htde usually 
prominent features in pulse hetght data. Crisp logic methods define cntena that 
,0 categonze an event as etther belongtng ,0 a set or not. Fuzzy log.c does not tnvolve such 
discrete categonzattons, but tuvolvcs an assigned weighting v,alue, or possibility value, 

r ,f .^<vMkwthin tlu' nuisc height data 

within a range ot values, by way Ui crva.iipiL. p-j - ■- . 

exhibits strong charactensttes (i,e„ the peak is tall relat.ve to surrounding values and 
symmetneal) tn may be assigned a high value, i.e., a 0.9 in a range of 0 to I . A peak that 
1 5 does not exhibit such strong charactcnstics may be assigned a low value, such as 0. 1 . 

Measurements taken by portable radiation detectors are subject to numerous 
variables, e.g., the dtstance between the radioact.vc ntatertal and the detector ,s unknown 
,he radioactive ntatcnal ,s of an unknown fonn (gas, l„u,d, or solid) and an unknown 
,eo„,etrv, and tntcnnediary barriers may impede or vary the transmission of the gamma 
„ ihc fu,.,-:. logic component better suited to adapt to the variables of m-ficld 

, 1 ... 4, ,1 t . , 1 , .l^ 1 i fl , 1 1 1 1 m llH-tlu 

analysis than eDiiventioiuu iii-t.>^.^. ,c.l,.u.u...i .. 
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In one embodiment, tlie fuzzy logic component may compnse a peak search 
component, peak analysis component, energy-level component, matching component, 
library, and ranking component, or a subcombination thereof The peak search 
component produces peak search data by analyzing pulse height data produced by the 
5 MCA. The peak search data contains information about possible peaks within the pulse 
height data. 

The peak analysis component may analyze the peak search data and produce a 

weighting value indicating the significance and symmetry of a particular peak, resulting 

in a peak analysis weighting value. In one embodiment, the peak analysis component 

1 0 may comprise a peak significance component, a peak symmetry component, and a peak 

parity component. These three components may produce weighting values that may 

, -u ■, - • ■ 'J- - cic wi»i uhtipc value, 

contribute lu liic p*^aK aiidij-^u .rt^.j-,..i.i.;-, . — 

In one implementation, the library contains a listing of radioisotopes and 
charactenstics of pulse height data corresponding to those radioisotopes. The energy- 
1 5 level component may use flizzy logic to compare energy levels of peaks from the pulse 
height data produced by the handheld CZT radiation detector to peaks from radioisotopes 
,n the library. An energy-level weighting value indicates how closely the energy levels 

of two such peaks match 

The matching component may use peak analysis weighting values and energy- 
2n !c^•cl u cightmg values to produce a listing of radioisotopes, that most closely match the 
pub. h.ight dala piod.ccd !hc iMiulhcUl CZT rad.ation detector In one embodiment. 
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a ranking component will rank each radioisotope according to how closely it matches the 
pulse height data. 

In one embodimem, the handheld CZT radiation detector may further comprise a 
neutron sensor to produce an indicator when neutrons are detected. The neutron sensor 
5 may compnse a helium-3 proportional counter. Helium-3 proportional counters are well- 
known and understood by those skilled in the art. The neutron detector provides an 
additional method of detecting the presence of radioisotopes when gamma rays may be 

shielded by a barrier. 

The handheld CZT radiation detector may further compnse a display component 
1 0 coupled to the analysis component (e.g., a flizzy-logic component) and the neutron 

sensor. In one embodiment, the display component comprises a personal data assistant 

.!- .- ,.,1. .1 i;.t;n,. (>r,-.|,ti.M>cotoneK ;ind the indicator and displaving a Visual 
tor receiving uic lauKt-u nbLiiij, iv>^i.v i..^ .. [ - 

indication thereof Incorporating a personal data assistant into this device makes the 
handheld CZT radiation detector more user-friendly, as individuals are generally familiar 

1 5 with personal data assistants. 

An interface places the analysis component (e.g., a flizzy-logic component) and 

neutron sensor in electrical communication with the display component. In one 

embodiment, the interface may comprise, for example, a serial port or an infrared port. 

The interface may convey a signal containing either the ranked listing of radioisotopes, 
:< ) the indicator of the presence of ncutrcms. or both to a display component. In one 

unbudimcnt. the inteMaee eonlkuied f t rwo-.av communication, both lo send and 

receive data. 
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In one 



implementation, the CZT. gammy-ray sensor, proeessor, memory, MCA. 
analysis component, neutron sensor, and interfaee. or a subcombina.ton thereof may be 
reeetved by the first housing. In sueh a eonttguratton. tlte handheld CZT radiation 
detector is resistant ,o damage and easily transportable. The firs, housing may be stzed to 
be held ,n a person's hand. Sized to be held in a person's hand means that the handheld 
CZT radiation detector can eomtbrtabW be held in one hand and operated wtth the other 
hand. 

Also, the first housing may have a recess for receiving a display component, such 
as a personal data assistant, which may be situated within a second housing. In one 
embodiment, the personal data assistant may communicate with the sensor and neutron 
detector via the interface when the personal data assistant is placed in the recess. 

. 1 , . .,j-,.s--iit ,nN ention will hccdmc more !ullv 

These features anu advanlagcb. oi pi^^vi^. ..i,^.. .- 

apparent from the following desenption and appended claims, or may be learned by the 
practice of the invention as set forth hereinafter. 

ppiFF nFSrRlPTlON OFTHF DRAWINGS 

In order that the manner in which the above-reeited and other advantages of the 
invention are obtained will be readily understood, a more particular description of the 
.nvenuon briefly described above will be rendered by reference to specific embodiments 
thereof which are illustrated m the appended drawings. Understanding that these 
di aumg. depict only t>p,ca! emho.Hments of the invention and are not therefore to be 

. . , , ,ii^.,„.c'ii-nvvill be described and explained with 

considered to DC niniUiigut it> .^^opc. ..k ....c.i... 

additional specificity and detail through the use of the accompanying drawings m .Inch: 
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Figure 1 is a perspective view of one embodiment of a handheld CZT radiation 
detector; 

Figure 2 IS a perspective view of one embodiment of a display component of the 
handheld CZT radiation detector; 

Figure 3 is a rear view of one embodiment of a display component; 

Figure 4 is a perspective view of one embodiment of the handheld CZT radiation 
detector, including a display component thereof; 

Figure 5 is a block diagram of one embodiment of the handheld CZT radiation 

detector; 

Figure 6 is a block diagram of one embodiment of a coplanar-grid, CZT gamma- 
ray sensor; 

, . - : ,.,,,1, ;ii,,.ir.,t,,-,., niikr data pnKiiiccd b\ the handheld ('/. 1 radiatu^n 

detector; 

Figure 8 is a block diagram of one embodiment of a proportional helium-3 
counter, which may be implemented m connection with the handheld CZT radiation 
detector; 

Figure 9 is a perspective view of one embodiment of the handheld CZT radiation 
detector illustrating visual indications of a ranked listing of radioisotopes and an indicator 

produced by a neutron sensor; 

Figure H) is a pulse hemht distribution graph illustrating the superior resolution of 

the Ivindhcid ( ZT radiath'M dctc.i.n ivbtivc to a annentiona! scintillator 



Figure 1 lis a bloek diagram of one embodiment of a fuzzy-logie eomponent 
implemented by a handheld CZT radiation detector; 

Figure 12 illustrates a pulse height distribution graph juxtaposed with a smoothed, 
normalized second derivative thereof as implemented by a fuzzy-logic eomponent; 
5 Figure 1 3 illustrates a piece-wise approximation of a sigmoid for use in 

deten^ining a weighting value in connection with one embodiment of the fuzzy-logic 
component; 

Figure 14 IS a pulse height distribution graph juxtaposed with a smoothed, 
noi-malized second derivative thereof illustrating vanous aspects of one embodiment of a 
peak analysis eomponent as implemented in connection with a ftizzy-logic component; 



.0 
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and 

..Kn.lniirnt of a rankinu component that mav 

Figure 13 IS a tabic uiusuauiifc, ^lu.,. -i-i--.. 

be employed in connection with the fuzzy-logic component. 

PP^.T. ni.s;rRlPT10N OFTHF PRFFFRRED EMBODIMENTS 

The presently preferred embodiments of this invention will be best understood by 
reference to the drawings, wherein like parts are desigi.ated by like numerals throughout. 
U will be readily understood that the components of the present invention, as generally 
described and illustrated in the figures herein, could be arranged and designed in a wide 



J ^ ' - r *■ TK.i^ thr tollowin" more detailed description o 

^=^=^71 -'(i varictN oi'diticrent contmurations- I luis. tnt lonow m^ iik 

9 " ~ .. , inj nicthcul of the present inx'cntion. as 



cmbt>dimcnis oi llic appar: 
represented in Frgnres 1 through 1 5, ,s n„, nrtended to hntil tl,e scope of the i„^e„.,on. 
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claimed, but is merely represcn.afve of presently preferred embodiments of the 

invention. 

Throughout the tbllowtng dtsclosure, the term -coupled" may be used to refer to 
components that are either directly connected or baked by one or more other components. 
5 Thus, as used herein, the temt "coupled" may be synonymous with ".n electrical 
communication with" or simply "m communication with." 

Furthemrore. those skilled ,n the a« will understand th,a, while many components 
described herein may be tmplemented as software modules, they may be also 
inrplemented as hardware or a combination of both hardware and software. The reverse 
, 0 is also true. Many hardware components may Itkewise he tmplemented as software 
components, or a combmat,ou of hardware and software components. 

,, . .; (v.,,*;,>p fo "<MH- LMTihodinicnt" or "an 
Reference ihrougnoui iliis L^pccinccawii . 

embodtment" means that a panicular feature, structure, or charactenstic described in 
connection with the enrbodtment ,s included in at least one embodiment of the present 
1 5 invention. Thus, the appearances of the phrases "in one embodimenf ' or "m an 
embodiment" in various places throughout this specification are no. necessarily all 
refemng to the same embodiment, burthemrore, the panicular features, structures, or 
characteristics may be combined m any suitable manner in one or more embodmients. 
Figure 1 is a perspective view of one embodiment of a handheld cadmium „nc 
1 ullunJc (CZ T ) radiation deicdoi 1112 A tirst housing 1 04 receives and combines many 
sub-Ccmcnls oi die haudhc.d 1 /. 1 :ad:.,n,.:. dcK.l.ir 102 ,n,o a uiii.arv apparatus The 
first housing 104 is si.ed to be held in a person's hand. Si.cd to be held in a person's 
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,a„d means .ha. .he handheld CZT .adia.,on de.ec.o. ,02 can co,.for,ah,y be held by a 
nerson ■„ one hand and opera.ed wi.h .he o.hcv hand. jus. as a personal da.a assis.an. 

1 

,e g.. a Pain. Pilo." ,nadc by Pal,.. Ine. or a Handspr.ng V,s«r' n,ade by Handspnng. 

,ne , Thus, .he handheld CZT rad,a.,on de.ee.or ,02 ,s snraller .han a lap.op or no.ebook 
5 con.pu.er. bu, jus. shgh.ly ...er .han a persona, da.a assis.an,. As PDA's con.,nue .o 

decrease in s.ze, .he de.ee.or ,02 n,ay a,so decrease ,n s,ze correspond,ng,y. In one 
c™b„dn,.en.. ,he handhe.d CZT radia.ion de.ee.or ,02 ,s abou. seven nrchcs by four 
,„ehes by one-half inch ,n s.ze and werghs approxi,na.e,y .hree pounds. The handhCd 
CZT radiarion de.ee.or ,02 is subs,an.,a,ly s.naller .han conven.,onal ponable rad.a.ron 

10 detection devices. 

,„ one embodimen.. .he hous.ng 1 04 eonrpr.ses a n.oun.ing cup 1 06. The 

, , , , I ,„v r,„..,o.,„,-,,nneclii>n« i.hlhc handheld 
nwun.ingcup 105 may house a lZ 1 cysul ,„„ .... 

CZT radiauon dc.eetor , 02. A CZT crys.a, ,08 ,s a w.de-bandgap. sen.iconduc.or and 
„,ay be used in connec.on w,.h a gamma-ray de.ee.or. The ,noun.,ng cup ,06 is 
, 5 specitlcally designed .o preser.. and pro.ec, .he CZT crys.al 1 08 in .he ™gged 

condi.,ons of day-.o-day use by un.ra.ned opera.ors. In one embodnrren.. .he CZT 
,,,.al 108 ,s placed wi.hin a rcc.angular por.,on of .he handheld CZT radia.ion de.ee.or 
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102, 



Rc,en,ng now ,o bo.h F.gurcs 1 and 2, ,n one u.plemen.a.,on, .he f.rs. housn.g 
. u,4 n,a, ,unhe npr.c rcces. , m The recess , , n n.av be configured, or s.ed, ,o 

,,. . ..,,vi.,> ,,„„n,,„cnt:^02mav be situated within a 
receive a display coniponcni 2* 1 u.spla, ..-l 

second housing 204. In one cn.hodn.ent. a display component 202 may include a 
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a. 



pe.o„a, da. ass.s.an.. A„en,a,.veW, .he d.spiay component 202 .ay be a co„ve„.,o„al 
„.„|av sereen, saeh as a conve„,.o„a, gas p,as„,a, LCD screen, and .he h.e. Thus, ,he 
.„„s,ng ,04 has a recess . 10 c«n«gored ,o suh.end, or sa.ound and provuie suppon 

to the second housing 204. 

,.d,a,.on detector ,02 ,.cre user-friendly. Many ,nd,v,dna,s are already fanr.har w,.h 

The screens are relatively large and easy to read. The buttons 



personal data assistants 

are sintple and hkewise offer an rnterface lanti.iar to n,any eonsunrers. Thus, unltke 

CO 



.nventional htgh-pun.y genuan.u. rad.at.on detectors, handheld CZT radiaUon detector 
1 0 1 02 may be used by nonscentists and untra.ned operators. 

The handheld CZ T rad.atu.n detector 102 n,ay futther conrprise an tntcrfaee or. 

, ,„„ , I ..,,.ii:iniinu data iVom components 
more specifically, an mtcrtacc tor c.mvcy.i.B - ^-^ - 

contained ,n the first housing 1 04 to other dev.ees or components, such as the d.splay 
component 202. In one embodtment, the interface may compose a senal port 1 1 2, an 
ftarcd port 1 14, or both. Both the senal po« ,12 and infrared port 1 14 may be 

in the tndustry and understood by those sktlled ,n the art. 
^ Ihcsenal 112anJinfi-arcd 114portsaremerelvexamplesofknownd,ata 

I : i ^ 2 . : ,„ ,„Hs For exantple. the mterfaee may further compose a parallel pon. b,- 

— _ ij-.^j-n;,-,-!] vision pons, r^n iw.vcunj. 

P : ^ ^ , n „ rsi^ norr . raci-o trequcncv transceiver, and the Hke. \n one 

^z^l^ ID (tirectiona! pauillcl poll. I ■■■ 

? ^ ^ ^ . ,,,,,, u, M.ioMMtcd 'A ith remaining' components 

g ? embodiment, the displav compunuu .i.a, . c... . 

of the handheld CZT radiation detector 102. 



15 in 
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The display component 202 may further compose an infrared port 206 as shown 
,n Ktgure 2 and a senal port 302 as shown in Frgnre 3, whrch is a rea^.ew of the display 
component 202. Both the senal port 302 and ntfrared port 206 may recetve and transmit 
data, m one embodiment, the dtsplay component 202 may contain a senal port 302 that 
5 interlaces wtth the senal port 1 1 2 on the f.rst housing 104 when the display component 
202 >s placed within the recess 1 10. The infrared ports 1 14, 205 may be used for 
transmission of data between the display component 202 and components within the first 
housing 104. 

Figure 4 is a perspective view of one embodtment of the handheld CZT radiation 
,0 detector 102 interfaced with a dtsplay component 202, such as a personal data asststant. 
More spccfically Ftgure 4, iUustrales how a display component 202, wtthin a second 

,. - MM ,>rth,. hrst houMno 104. Stated above, the 

housing 204, is placed in ilie iccu,-.:, i iv.- ... , - - . 

serial port 1 12 on the first housing 104 may be positioned so that it interfaces with a 
senal port 302 on the dtsplay component 202 when the personal data assistant ,s placed 

15 within the recess 1 10. 

Figure 5 ts a block diagram of one embodiment of the handheld CZT radiation 
detector 1 02. The handheld CZT rad.anon detector 1 02 may be implemented us.ng low- 
power elcctrontcs to cxtctd battery life ,.f the device 1 02. For example, ,n one 
embodiment, six high-power lithium batteries yield operating times ,n excess of 1 2 hours. 
The handheld CZT ra.h.ition detector 102 may comprise a memory S02 coupled to 

... , , , - .^ -i"i>' instructions executable hv the processor 
a processor -^o4. j Ik iiiLiii,)r. . v _ ; 

504. In one embodiment, the memory 502 may include, tor example, rando 



oin access. 
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.ad-only, or flash „,e™ry. Those skilled i„ .he ar. will understand thai nunreroas types 
,„-„e,„ory 502 nray be .nrplcen.ed ,n co„,ree.,o„ wi.h ,h,s dev.ce. In one enrbodnrrcn., 
,he processor 504 may rnelode a CPU, m.croprocessor. RISC proeessor. a„d ,he like, 
Aga,„, .hose skilled ,n .he ar. w.ll unders.and .ha, numerous types of processors 504 may 
5 be implemented ,n conneetton wt.h the handheld CZT rad.at.on detector .02. 

The handheld CZT radiation detector 102 may ftrther compose a sensor 506 for 
senstng gamma rays employing cadm.um .mc .ellunde (CZT). The sensor 506 may be 
coupled to the processor 504. The sensor tncludes CZT gamma-ray sensors 506. A CZT 
gamma-ray sensor 506 may include any gamma-ray sensor ustng a CZT crystal 108 
,0 „l.t,s.rated,nF,gures I,4.and5). The CZT crystal , 08 nray have an anode and a 
cathode. be,ng biased by a high vol.age power supply. In one cmbodimen., .he CZT 

, .. I ........ . ..i„n„> .Tvstals are at least i cubic 

crystal 108 is a large-volume crysiai. Laifc^-v^.^.i.. - 

centtmeter ,n volume and th.ckcr than 5 m.lhmeters. Th.s addtt.onal volume enables the 
capture of h,gh-energy gatrtma rays, whtch will have a deeper .nteracfon wrth the CZT 

15 crystal 108. 

When a gamma ray interacts with a CZT crystal 108, a charge is produced. A 

t,-,- f,^r rnnvei-tin" the charize into 
CZT gamma-ray sensor 506 may further comprtse c,rcu,..> tor cu„^u1nt„ 

„ .Kapcd voltage pulse, wh,ch may be retenred to as gamma-ray data. The anrpHtude of 

„„ed voltage pulse ,s proporhonal to the energy depos.ted on the CZT crystal 108 

, ^h, .,,.,„„. n..,c.l abo^c mav mclude. for example, a charge-sensttive 

20 by a yamiiKi ici\, i nc wu.. > --^ 

censors ^06 are known, and those 



.1,4: ( /T" . 1 1 n 1 1 M ■(- 1 .'1 V ■^e 

preamplifier and a shaping aiupnt.... ^ A . ^ai. . 
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.,nied . the a. w.l understand that such sensors .ay be conf.ured n. numerous ways 

and still fall within the scope of this invention. 

inrlude in one embodiment, a coplanar grid CZT 
CZT gamma-ray sensors 506 incluae, in one 

sense. Kefemng now ,o F„.e 5, a cop.anar gnd CZT .a.n,a.ay se„» 
™y ,nc,ude a cop>a„a.«nd CZT c.y.a. 602. hav,„. an anode 604 and a cathode 606 

,0^ ^ firs, se, 608 of al,e™.,ve, parallel s.nps ,s coupled .o a firs. charge-sens,„ve 
,.eanrpm-,er 6,0. and a second se. 6 1 2 of aUemafive s.nps ,s conp.ed .0 a second cfiarge- 
.„s,lve prean,pl.fier 6.4. In one en*odl,.en., ,he s.nps are ..ade of gold or pla.,nnn.. 

„,.als 602 n,av be pnrCascd fron. co,npan,cs snch as cV Prodnc.s of Sa.onhnr, PA. 

1 •1-! ''ii that 

, 1 ..i,,,u,u. h,.rbor than the sceonu ^t^i O' - 

rhe first set 608 ot strips is om^,i;u ^ai,!..v ^^i^i — 

„e firs. se. 608 colleCs .he charge produced by a gamnra-ray n..crac,ion wi.h ,he CZT 
„ys,a, 602. The second se. 612 of s.nps se^s .0 sense charge n.o,.on ,n .he crys.al 602. 
„ A d,ffcrencing an,pl,fier 616 suh.rac.s .he s.gnals fron, .he firs. 510 and second 614 

p.ea,.pl,fiers. .hus e«n„na.,ng ,he effee. of charge ..Con wl.h.n .he CZT crys.al 602. A 
taping an^pfifier 61 8 .hen shapes .he voUagc pulse. One purpose of .he shaping 
,„„„„-,er ,s .0 cu. off a ,a,l of .he vol.agcpulse .o increase .he nunrher of pulses ,ha, nray 

, - independent of where the electrons originate, use of this 

:U .imphliei 010 i-^ ihc >an.^ ..ukpcnaui 

, , , , .M.Hl'b excellent rc^ohition. In one 

technique removes a great dea, ul a.u. u, . 
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,„ „auen electron .nducion efficency. Coplanar gnd CZT gamma-ray seniors are 
,„„w„, and ,.,„.e sk.l.ed ,„ .he a,1 arc fam.l.ar w„h ,hc numerous ways in wh.ch such 
sensors may be configured and s.,11 faU w,.hin .he scope of .h.s .nven.ion^ 

Use of a coplanar gnd CZT gamma-ray sensor in a portable devtce results n, a 
5 number of advantages over conven.ionai portable rad.at.on detectors. Coplanar gnd CZT 
gamma-ray sensors operate co.eetly in a wtde range of temperatures, unltke 
conventional high-punty geranium detectors, whteh operate co.eet.y only at hcu.d- 
„Uroge„ temperatures. More specfieally, .n one embodtment, the handheld CZT 
radiation detector 102 operates eo.eetly at temperatures ranging from about -10» to about 
,0 .50» Celstus. m addibon, a coplanar gr.d CZT gamma-ray sensor prov.des far supenor 
.solution .0 conven.io„a. scnndlators, as w.ll be .llustrated in conneetton with Figure 10. 

, r: ..... . ^ ts- h-in-iheid CVT raclidtion detector 102 may 

ReteiTing once again to i .gui^ u^e ..a 

further compose a mult.channel analyzer (MCA) 508 for perfonrting mult.-channel 
analysts. In one embodiment, the MCA 508 is coupled to the sensor 506 a,td processor 
,5 504. An MCA 508 is configured to produce pulse he.gh. data corresponding to the 

gamma-ray data. Stated more precisely, the MCA 508 reccves a shaped voltage pulse 
,gamma-ray data), whtch ,s proport.onal to the energy depos.ted on a CZT crystal 108, 
n,e MCA 508 converts the voltage pulse in.o a d.gt.al number urdtca.tng .he he.gb, of 
,he pulse An analog-,o-d,g,tal converter nray perfontr thts conversion. The MCA 5,18 
,,,..„ .„e,or.cs the P,.lse , energv level range, uh.cb ,s often referred to as a 

, , „.,,,„.„il. measured in klloclcclronvolls(KeVs). 

channel 1 be cnergv leve, ..n^t^ . 

The MCA 508 keeps track of the nunrber of pulses ,or coun.s, reecned u, a guen 



-Page 21 - 



,,.n„e> ,n one e.b„di,™„,, .he MCA 508 d.v.des a spec.™, fro. 0 ,o , 500 KeVs ,n.o 

be employed ,o de.e™,ne. for example, .he eompos,.,o,. of a radio.so.ope be.ng 
analyzed. Thus, .he MCA 508 is eonfigured .o produee po.se heigh, da.a eorresponding 

to the gamma-ray data. 

Figure 7 .s a graph.ea. display of pulse he,gh. da.a 706 produced by .he handheld 
CZT radia.,on de.ee.or U,2. Th.s graphical d.splay eon,pr,ses a honzon.al axis ind.ea.ing 
vanous energy levels 702 ,or channels, in kiloclce.ron vol.s ,KeV) and a ver.,cal ax,s 
mdieanng .he number of eoun.s 704 ,or pulses received) a, a part.eular energy level 702. 
0 The pulse hei^. da.a 706 of Figure 7 illus.ra.es the energy eharac,ens.,cs of ganrma rays 
,.„duced by p,u.„„,um-23,. No.e ,he d.scre.e peaks sho.n a. 203 KeV (708,, 330 KeV 

,„ 1 1^1 K^^v' c^iM which art- characteristic ot 
(710), 375 KeV (712), 414 KeV [H^h auu4-,^i iv. = ^ ■ ..- 

plutonium-239. 

Refemng again .o F.gurc 5, .he MCA 508 nray employ numerous techniques to 
, 5 improve .he accuracy of .he pulse he.gh. da.a. For example, m one embod.men,. ,he 
MCA 508 may include a pulse p,le-up re,ee.,o„ component 516, a baseline res.orer 
componen. 5 , 8, a baschne random.zer eomponcn. 520. and a d.gi.al pulse he.gh, 
eo.ec.,on componen. 522. or a sobeombnra.ion .hereof Pulse pile-up rejeC.on 
^.„„„,,„„, „„„„„.es specral d.s.ort.on and rejeCs pulses .ha. are rece.ved when a 
,„ . ben,, proccsscl b>- .he MCA m. In one nr.plenren.a.ion. .he pulse p„e.,p 

.,.,o„ componen, 510., eah>....hap„„ H«crs,a.as ,so and slow pulse 

.„.p,ng an,phr,er, from .he CZT. gamma ray sensor 500 .o de.ernnnc whc Ise p.,c-up 



Cl. 
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e„„.„io„ ex,sts. A baseline restorer oo.ponen. 5,8 ,™y be rnrplenren.ed ,o nra.n.anr the 
basehne of ,neo„r,ng pulses a, a proper level, even when pulses arc reeerved a. a very 
h,gh rate. The baselme restorer component 51 8, tn one embodiment, may be a dig.tal 
baseline restorer. A baselme randomizer component 520 adds varying values to the 
5 mcommg data and then later subtracts those values out to .ncrease the reliability of the 
MCA 508. 

,„ addition, ,n one embodn^ent. the resolution of the handheld CZT radra.ron 
dceetor 102 may be ftrther enhanced by a drgrtal pulse hei^rt eon:ec„on component 522, 
whtch con-eets the pulse herght based on the mteract.on depth of a gamma ray. Thrs 
;0 digital correchon component 522 produces better resolutron and can compensate for 
defects in a CZT crystal 108 tha, would otherw.sc render the crystal 108 unusable. To 

1 ,u , r .[,.. ...,„,p.., ,-:,v tbr rcsultiim chai uc must also (m 
dctennine the interaction depth ui ih^ B^.an.e. ...^ , 

add,.,o„, to collecting a s.gnal a, the anode) be collected at the cathode, shaped, and 
converted to a d.gital value w.th an analog-to-dig,tal converter. The ratio of the anode 
, 5 s,gnal and the cathode s.gnal is proportonal to the tn.cract.on depth. In ih.s enabodrment. 
,he MCA 508 generates pulse heigh, data - or, in other words, pulse herght d.str.buttons 
- corresponding to gamma ray tnteracttons that occur at a part.cular ,mcrac„on depth, 
tmploytng th.s pulse hcgh. data, the CZT crystal's 108 mduCion efficiency may be 
:c.emtH,cd experinrentallv. Pulse heigh, correction ,s then based upon th,s 

,■ I ,■ „ ,ffi,,„-ni-v To generate ihc diuitallv corrected pulse 
ill ,xpcnniciU.,lh dctcrmmcd mduclion ettlcicncv. 1 o gene 

[ nitkc lici"ht at the ancnlc bv an 

i.cij^.,. -..^ t A M)N -'..^^^^ --^ 

anrount detcmtined by the tnteracfon depth and the utduCon emceney. These and 
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„*er analogous methods a.e know,. As a consequence, those sk.Hed n, .he an 
understand ,hat ™any sueh .cchn^ues n,ay bo employed in connechon wi.h .he MCA 
508, still coming wi.hin the scope of this u.ve.i.ion. 

The handheld CZT radiation detector 1 02 ntay further comprise an analysis 
component 510 for comptling a ranked list.ng of radioisotopes correspond.ng to the pulse 
hcght data. The radioisotopes are ranked by how closely they fit the pulse height data. 
The analysts component 5.0 may be coupled to the MCA 508 and processor 504. The 
analysis component 5 ,0 may be implemented as software operating in connection with a 
p„eessor 504 and memory 502, as a hardware component, or as a combination thereof. 

,n one embodiment, the analysis component 510 may compose a fa.zy-logic 
„,mponen,. Counting statistics and measurement geometries can mask or hide usually 

. . . r-.-; 1. MM. ■ method^ (ietiiie CI itcna that 
prominent features in pulse heigm uam. Ct..p.-6-^- - - 

categorize an event as either belonging to a set or not. Fuzzy logic does not involve such 
discrete categonzations, but involves an ass.^ed weighting value, or possibility value, 
.itWn a range of values. By way of e..ample, if a peak within the pulse height data 
e.h,bits strong charaetenstics „,e., the peak ,s tall relative to su^ounding values and 
,ymmetrica„ m may be assisted a high value, i.e., a 0.9 in a range of 0 to 1 . A peak that 
a.es not exhibit such strong eharactenst.cs may be assigned a low value, such as 0. 1 . 
Thus ,hc fuzzv-logic component ,s better suited to adapt to the variables of m-field 

nx .nti iivi' '"-^icld identification methods. 
;) analNsiN man cum i.ntK)na. ... ■i'-'^' 

, 1 . ...piniincnt is coniputationallv 

1 I,,,, ,,,, lU,. I 1 1 / /v- II llJli^ c01iU'"l IC Ml I t I 

Furthermore, m one ciubudintcn.. .ac , . 
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CZT rad,a.ion de.eCor .02 and prov.dmg n,ore timely results to an end-nser. No, only is 
the ..zzy-logtc «,„>poncn, n,«rc compt,tat,onally efficient, but „ often produces „»re 
accurate results than conventional sctn.tllators. ln,plemcn.,ng conven.tona, techn.qucs, 
such as the chi-square analysts, stmply requtres too ,.uch co.putattonal power ,„ be 
, eonventcntly used in conuect.on wtth a portable dev.ee. A .ore detailed descnp.ron of 
the fuzzy-logic component is prov.ded in eotrneetion with Figures 11-15. 

S„ll refe^tng to Ftgure 5, the handheld CZT radtatton detector 102 may further 
compnse a neutron sensor 5 1 2 to produce an tndtcator when neutrons are detected. The 
neutron sensor 5 ,2 may compnse a hel,um-3 proporttonal counter, such as those 
0 produced by Reuter-StoUes, Inc.. of Twtnsburg, Ohio. HeUum-3 proportional counters 

are well-known and understood by those skilled in the art. 

u i:,,,,..,. ,.r-i h.'Imiii-- nropoilional counter. 1 he 
Ki.'ure X illustrates one cuiOvtUo.Lci., . 

hel,um-3 proporttonal counter 800 may comprtse a tube 802 containing hel,um-3, a 
charge-sensttive preamplifier 804, a h,gb voltage power supply 806, a shaping ampltfier 
808, a low-level discrimtuator 810, ,an analog-to-digital converter (ADC) 8 1 2, and a 
countermmcr 814. The htgb voltage power supply 806 ,s coupled to charge-sens.ttve 

,he hel,um-3 ,n the tube 802, a proton, a tnton. and a charge are produced. The charge 
„„v be detected bv the charge-senstttvc preampbfier 804. whteh produces a voltage 
. ,., ,, ,„, .,„K, ,ben sl,.a,ed bv a shaptng antpHfier 808. The low-lc^■cl 

, I I 1 nr'u-itMiti^' 'ar<'c to indicate the 
discnmniator .MU aciciiuiiK- v\tKi.Ki , 
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value ,s meet or sun>assed, the ADC 812 then digitizes the pulse, fhe digitized pulses 

are counted by the couu.er/.imcr 8 1 4 to determine a eount rate of uKoming neutrons. 

Thus, in one implementation, the tndieator may coutpnse a number tnd.catmg how many 

neutrons have been delected within a fixed penod of time. 
5 The neutron sensor 512 provides the handheld CZT radia.ton detector 102 w,th an 

addittonal method of detecting radtoacttve ma.enals. For example, a lead barrier may 
shteld gamma rays from dcteetton. However, neutrons may be detected even though a 
radioacttve matenal is separated from the detector by a lead bamer. Thus, the handheld 
CZT radiatton detector 102 provides its users w.th an enhanced ability to detect the 

1 0 presence of radioisotopes. 

I-he handheld CZT radiation detector 102 may interface with a display component 

. ^q-, .„,,, u., ,.M..pic'i t,^ the analysis component 510. the 
202. rhc display eomponeni zU^ uic^v ..p.^.,. 

neutron sensor 5 1 2, or both. In one embodiment, the display component 202 may be 
integrated with (e.g., in the same housing as) other components, such as the analysis 
, 5 component 5 1 0 and the neutron sensor 5 1 2. The display component 202 receives the 
ranked listing of radioisotopes and the indicator and displays a v.sual indica.ton thereof 

Figure ') illustrates examples a vtsual md.catton 902 of the ranked listing and a 
visual indication 004 of the indicator on the display component 202. Many different 
configurations of visual indications 902. 904 convey the same infonnation and thus fall 

:(i ,Mlhin the A-opc of this invcnlion 

RCcrrmg •■gau, u. I iguic ,.,i u„c: r,„ . ^ 1 4 place the analvsis component s 1 0 
and neutron sensor 5 1 2 in electrical communication with the display component 202. In 



- Page 26 - 



one en,bod,me„,, ,he .n.erface 5.4 may compose a sena. port U2, .nfrared po„ . U and 
,he „ke. as discussed n, connccon w,.h Figure , ^ The ,n,erface 5.4 may convey a signa. 
contaming Cher .he ranked .,s,mg of rad.o.so.opes, .he .nd.ca.or of ,he presence of 
neurrons, or both lo a disp.ay component 202. 
5 In one emboditnent, .he disp.ay componen. 202 composes a personal data 

assrstant .ha. transmits a message ins.rue.tng .he neutron sensor 5 . 2 and the gamnra ray 
.ensor 506 to begm deteCon. In that embodiment, .he interface 5 .4 ,s configured .0 
receive .he message and ins.otct .he neu.ron sensor 5,2 and gamma ray sensor 506 to 
begm detcctron. Agatn, the interface 514 may convey this message through, for example, 
,0 the seoa. .,2 or, nfrared ..4poO. Thus, ,n one tmp.ementation, .he infrared . .4 and 
serial 1 .2 poOs are configured for .wo-way conrnrunication, both .o send and receive 
data. 

A combination of the CZT, gammy-my sensor 506 (e.g., the eoplanar god CZT 
gamma-ray sensor,, processor 504, memory 502, MCA 508. analysis eo.nponent 5,0, 
1 5 neutron sensor 5 . 2, and m.erface 5 ,4 are st.ed to be held n, a person's hand. Again, as 

detector , 02 can comfortably be held ,n one hand and operated w,.h the other hand. Thus, 
the CZT. gamnry-ray .cnsor 506, processor 504. n,emorv 502. MCA 5««, analysis 
,.„„,,„ne„, 510. ncurron sensor 512. and intertaec 514 may be received by .he tirs. 
■ -,1 , l,i .1. ; . i.scusscd in connecnon with figures I ami 4. In such a 

. „ .ic'o '-' resistant t.^ damaL-c and easUv 

eontiguration, the haiiuncid C /. i .aaKuu,,, .a.l., . 

transpt)rtablc. 
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P,gu,e ,0 illustrates a co.panson between the handheld CZT detector ,02 and a 
,.„„vent,„nal scn.t.la.or^ As shown, the pulse hetgh, data 1 002 produced hy the 

conventional scintillator. In ,h,s tllttstratton, both were exposed to plntoniunr-239. The 

^.tnrunt ,FWHM, at 662 KeV. In contrast, a convent.onal scint.lla.or has a resoluOon 

CZT radiatton detector .02 reveals energy pea.s sinrply not seen tn pulse he.ght data 
,004 produced by a convenoona, scntt.lator. In panicular, note three peaks 1008 are 

. ^ 1 nns „f the rZT pulse height data 1 002. These peaks 
10 clearly revealed in aboxed region 1 006 ot the tzipuise g 

,.,„r„v 1,-ve, ran"e on the scinti„ator pulse 
lOOK are almost indtseermble tn the same energy level ran„t 

height data 1004. as shown in the lioxed region 1000. 

Thus, the handheld CZT radiatton detector has numerous advantages over 
eonventtonal portable radiation detectors. Most tmportantly. the htgher resolutton pulse 
, . ,.ght data enables tar more etTecttve automated radrot.otope identtfieatton tech„,c,ues ,n 
handheld dev.ces. Specifically, the htgher resolutton enables effective use of fuzzy log.c, 
, computattonally less mtens.ve algonthm than many previously used tcchnt.ues. and 
.csults ,n more ttmely and accurate results than convcnttonal scnttllators. Methods based 
„ puU. hetgh, data produced bv convcnttonal scintillators stmply cannot tden.ify 

,, „, , of tlu- liandheia C/T radiatton detector 102. 

'0 radioisotopes with lav .iciu..uN . -.i^ 

Hgurellisabtockduig, I one eiiib. „f a ,u,...v4o,k. component 

, , 00 tniptemented by the handheld CZT radiation detector , 02. I he tuzzy logic 
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c„„p„nen, UOO . one en,.odi„,e„, of.he an.ys. co.pone,,, 5,0, ...us.ra.e. in Fi.o.e 
. The use of fuz.y log.c n,a, ks a substantia, advancemen. n, portable rad.ation 
detectors Measurenrents taken by portable radtatton detectors arc subject to nunterous 
vanab.es, t.e., the d.s.ance between tbe radtoaetive ntatenal and tbe detector ,s unRnown, 
,Ke radtoactve nratcna, ,s ofan unknown t.r. „as. mutd. or so„d, and an unknown 
.eonretry, and tn.ennedtary barrtcrs ..ay intpede or vary tbe trans.n.ssion of.be ga.tna 
,„ one aspect, fuzzy .og,c refers ,„ use of we.ghttng va.ues to detcnrt.ne whetber 
gathered data (e.g., a peak. s.trnretry or energy leve.) contbnars to a particular set of 
eharactenstics. The tlexibr.i.y of ..zzy logic enables better detection and radioisotope 
,acnt„-,eat,on ,n tbe varytng crcuntstanccs of .n-f.eld analysis. Tbe fol.owrng descnptron 
„cnrplarv of one etrtbodtntent of tbe fu.zy-logtc contponen, , 1 00 and others nray be 

,. . .,,Kt.-,,-t.n1 <>•■ I'omnarcd. an absolute 
used In one cmbodunent. when two values aic .ub.a...u - . 

of the ftizzy logic component 1 100. 

Tbe t.zzy-log,c con^ponent 1 .00 nray eonrpnse a peak search conrponen, 1 102. 
The peak search contponent 1 .02 produces peak search data , .04 by analyzing pulse 
he,ght data . .01 produced by the MCA 50«. In one cnrbod.nrent, the peak search 

, I „ , ccond-dcrix-ltive-based approach to identify possible 
coinponenl . . 02 imp.emcnts a »cconcl acm .iii 

The peak search coittponen, 1 102 may. for example, inrpleirren. a second- 
, .,cr,vati..c.,ppi-o, ha.niplerectangii.ai ing kentC. This technique 

. , ,,,,,,,,.,1 . . >-.fa handheld device. More 

expedites the discovery ot peaks ilh tb. ^^u.u... ... - - 

p.ee.se teehnmues may be used, hut would increase execution time and n.ay >ield 



„u,sa„ce values. ,n ,h,s embodi.en,, as a second denvat.ve of.he pulse heigh, data is 
calculated. >s also uon^aHzed ,o a standard dev.afon ofthe ioial counts w.thtn the 

smoothing kernel. 

Figure 12 is a graph illustrattng the pulse height data 1202 corresponding to 
5 Bismuth-207 juxtaposed with a graph of a nort^alized, smoothed second derivat.vc 1204 
thereof. The un„s on the left ofthc graph are counts 704 recetved ,n a given energy level 
702 (or channel), whtle the units on the right of the graph are units relattngto a 
„on,>al,zcd. smoothed second derivattve 1 204 of the pulse hcght data 1 202 and may be 

referred to as sigmas (a) 1206. 

Refemng once again to Ftgure 1 1, to identtfy possible peaks, the non.al,.ed, 
smoothed second denvafve 1 204 of the pulse hcght data ,s exantined for local maxtma 
and mimma. In one cmbodimcrt, a maxtmun, must oc lla.c .^.^...a 
bordered on etther s,de by a m.nimum to define a range-of-tnterest. As a consequence, 
the peak search data 1 104, ,„ one embodinrent, composes local maxtma and mtntma, the 
,5 ongtnal pulse hetght data 1202, and the „on™l,.ed, smoothed second derivative 1204 
thereof. 

The fuzzy-logic eomponent 1 100 may forther comprise a peak analysis 
...ponent 1 106. The peak analysis component 1 106 produces a peak analysis weighting 
value 1 108 by anaKving the peak search data 11 04. Speaking broadly, a peak analysis 

r t : .,nMl - ince-+~T-orre^p.Midine peak within the pulse 
20 weighting value 1 10^ mdicaic. a .Mgn.li.anu ■ . a . i 

height data 1101. Ihe peak analysis coniponail i lOO .ntp.L..,.i..- . . 
one embodiment, the weighting v alues range from 0 to 1 . 
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Weighting funCions, may be used to calculate we.ght.ng values. Weighting 
functions may be tmplemcnted us.ng a p.cccwisc approxtmation ,o a sigmoid. Such an 
approxintatton ofa s,gn.o,d .302 ,s tllustrated tn F.gure 13. There, the weighting value 
, 304 ,s shown on a y-ax,s, while an input parameter 1 306 ,s shown on a x-axis. The 
input parameter 1 306 defines a possible range ofvalues, which may correspond to a 
particular weighting value 1304. For example, assume that the possible values range 
from 0 to 9. An input parameter 1306 greater than 9 yields a weighting value 1304 of 1 , 
whde an tnpu, parameter 1 306 less than or equal to 0 yields a wetgh.ing value 1 304 of 0. 
As tllustrated by two arrows 1 308. an tnput parameter 1 306 of 5 corresponds to a 
weighttng value 1 304 of approximately 0.7. In one embodtment, the signro.d 1 302 may 

" ^r " >.,Mnpvvh'it" to make the transition between 0 
be altered by modifiers such as "-very or -somtvvhdt to maK 

. .,-,,.,,(-,,, ., ,n tbr ,-'isc 1^' " - ^omcvvhat " In 
and 1 more crisp m the case ot -very oi i.iu.c iuz,^j 

one implementation, the processor 504 (from Figure 5) contains a table, simulating the 
sigmoid 1 302, from which weighting values 1304 may be obtained by submitting an 
input parameter 1 306 to the processor 504. 

Refemng again to Figure 11 , in one implementation, logical operators are used 
mstead of conventional arithmetic operators to combine, or analyze, multiple weighting 
values For example, an " -and" represents the intersection of two adiacent weighting 
values and returns the minimum of the two values. An "-or" represents the union of two 
djaccu uc.ghtmg ^alucs and rctun.. the maximum of the two Nalues, 

. , I , .1, , .,..,,,h,,,v- line ' roak) ! inx mav. m one 
K)r example, the peak auaivM.^ aci^ikm,^ .n. v. 

implemcntation, be defined by the equation: 



a 



-Peak - -Onet -and -^E -and -Aa, 

w.ere ^.„,, represents a pe* s.gnif.cance weigh,„rg vaiue , U 2, ~AE represents a peak 
5 syntntetry we.gh.nrg value , U6. and -Aa represents a peak parity wetghttng value , , 20. 

of the peak stgntfieanee we.ghnng value 1112. peak synrntc.ry we.ghting value 1116, and 
peak partty we.ghttng value 1 1 20. Eaeh of.hese we.ght.ng values 1 304 will he hnefly 
a,seussed ,„ eonneetton w.th Figure I , and then later, in .ore de.a.l, in conneetion wt.h 
10 Figure 14, 

, r- ..11 tVip npnk nnalvsis component 1 106 may 
Still with reference to Figure 1 ! , the peak anaivM^ f 

addittonally eonrprtse a peak s,g„,fieanee eontponent 1110, wKieh produees a peak 
.g„,r,eanee we,gh.,ng value 1.12 As the nanre .ntplies. the peak s.gnif.eanee 

,,,gh„ng value 1112 nrd.cates .he signtfieanee. or st.e, of a eorresponding peak. 

The peak analysts eontponent . .06 may add,.,ona,.y eontprise a peak syntntetry 
component 1114, whieh produees a peak symmetry weighfng value (^AE) 1116. The 
peak svmmetry we.ght.ng value 1116 tndteales whether nght- and left-hand ponlons of a 
peak are symmetr.eal front a hort.onta, perspeet.ve ,n, tertns of energy le^ el spanned 
thereby). 

fhc peak analvsis eomponent 1 106 may further eon.prtse a peak paruv 
contpenent . 1 IS. .Ineh produces a peak paniv wetghttng value t^AO. 1 120, The peak 
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par,.y we,gh„„g value 11.5 md.ca.e. whether ngh,- and left-hand portions ofa peak are 
.vmmernca: from a vesical per.pecive (>n .c™» of s.gmas spanned thereby). 

m vanous entbodntrents, the peak analysts cotnponent 1 106 nray compnsc the 
peak s,gn,ftea„ee eotrrponent 1.10, the peak synrt^etry conrponetrt 11,4, the peak panty 
5 component 1118 Ootned by the -and" or -or" operators) or any sub-eontb,nation 
thereof. 

F.gure 14 illustrates the caleulattons of the peak stgnttteanee wetghttng value 
1,12, peak symmetry weighting value 1116, and peak partty we.ghting value 1 1 20 on 
separate peaks. Separate peaks are used only for illustrative purposes. In one 
, 0 .mplementatton, a peak signifieanee wetght.ng value 1 .12, a peak sy.r,Be,^ wei^ting 

1 ■ 1 ^ 1 nn mnv he derived from each valid 
value 1116, and the peak panty weighting value 1 120 ma> be 

peak. 

A rightmost peak 1401 tllustrates one method of ealculating a peak stgnif.canee 
wetghting value 1,12 ea„„). A range-of-,n,erest 1402 may be defined by a loeal 
, 5 maximum 1404 ,an infleetion point) at least three s,fc..a ,206 ,n hetght and having a 

local left mintmum ,406 (an innection potnt, and a local right mtntmum 1408 .again, an 
.nfleetiun potnt) on et.her side within the normahzed, smoothed second denvative 1204. 
AS stated before, the peak search cotnponen, 1 102 may tdent.fy tnflect.on potnts wtthtn 

,1, ,1 .. „n,l ,lcri>ative 1^04. A background ofa local maximum 
the normah/cd. smoothed scamuocrnaine i_ 

, uiil in..biiopsidel412ofeachoft\vo 

211 i4()4nia) bcdclineai" Jieli i"i<--Hlc .■»..• Jm. 4. V- I 

, . 1, ,- - .,u .1,,. 1,., |1 in;i\ iinum I 404. 
rectanules (a left 1414 and a right 1410 rcciangic, oui.ath ...a 
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The left s,de 1418 of the left reetangle 1414 ,s defined by a vert.cal fine from .he 
,„eal left m,n,n..,. .406 .o a po.n. ,.he upper-left porn. 1420) on ,he ,.aph of the pnlse 
he,ght data 1202 d.rectly above „.e.. on the .ante energy level as, .he nt.n.ntunt 1406. 
The left top stde 1410 of .he left ree.angle ,4,4 is defined by a honzon.a, Hne front the 
5 upper-left potn. 1420 to a potn, direetly below (i.e., on the sante energy level as) the 

maximum 1404 of the peak. 

.,s one would expeet, .he ngh. s.de 1422 of .he r,gh. reetangle 14,6 ,s defined by 
a ven,eal hne front the loeal ngh. nrintmunt 1408 .o a po,n. ,.he upper-right point 1424, 
on .he pulse he.ght data 1202 dtree.ly above .he nr.nintunr 1408. The ngh. .op s.de 1412 
,0 of .he rrgh. ree.angle 1416 .s defined by a horrzontal line front the upper-nght point 1424 

to a po.nt d.reetly below the irtaxunun. 1 404 of .he peak. 

r ..,1 -i;st'ipfes 1426 Cnicasuicd m counts) 

A net count is defined Dv a sum oi vcihcai Utaa..- - 

between the top ,410, ,412 of .he respectrve ree.angle 14,4, 1416 and eaeh point on .he 
pulse he,^t data 1 202 wr.hin .he range-of-,n.eres. 1402. A peak s.gntfieanee value (o„,,) 
,5 - no.e that .h,s ,s ,rot .he peak sign.fieanee we.ghting va,ue 11,2- may be ealeula.ed by 
dividing .he ne. eoun.s by a standard deviar.on of .he ne, eounts. Then, .n one 
,„,p,en,e„.a,ion, .he follow.ng we,gh.,ng value e,ua.,on ntay be erttployed .o eonven .he 
peak sign.fieanee value ,c„,.,) ,n.o a peak significanee we,gh.,ng ^■aloe (-o,.„-,, 1112: 



|0. fx 2: 

i 1, a,. > 
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Thus, If the peak signitleance value ,s 1 .2, the peak signifieanee weighting value 1112 
will be 0. If the peak signifieanee value is greater than 5, the peak signiflcanee weighting 
value 1112 will be 1 . If the peak signifieanee value falls between 2 and 5, the weighting 
5 fonction, as illustrated in Frgure 14, may be implemented to find the peak signifieanee 
weighting value 1 1 1 2. In this instance, the input parameter would range from 2 to 5. 

Those skilled in the art will understand that many vanations of this and other 
weighting value equations disclosed herein fall within the scope and spirit of this 
invention. For example, varying the number boundaries (2 and 5 above) still falls within 
,0 the contemplated scope of this invention. Moreover, adding different boundary schemes 
(e.g., adding more number boundaries and applying distinct weighting flinctions or fixed 

, , , u... u .,„.j .tni tails within ihc scope of this invention. 

values to the aduiuonai iiuiuOi^i Ov^Uwuax.^-, .--i - 

A middle peak 1427 illustrates one method of calculating a peak symmetry 
wetghtmg value (^AE) 1 1 16. A peak symmetry value (AE) may be found by subtracting 
15 an energy level range 1428 of a nght half of a peak (t.e., an energy level range from a 
local maximum 1430 to a local nght minimum 1432) from an energy level range 1434 of 
a letl half of a peak (t.e.. an energy level range from a local nraximum 1430 to a local left 
„„„„™m 1 43.). The peak syntmctry value (AE), ,n one embodnttent. may be convened 
,„U, a peak s,,nn,ctrv wcghting value UK, (~AE^ through the following weightmg value 



^5<5^ 20 equation: 
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0, 12<A£<-12; 

^,(^E). -i2<A/-:<-i;| 

1, 1>AE>-1. i 



^ ? ^ := - 

< 01 ^. — 

p ^ '> - 

^ ~ " c 



,„ ,h,s we,gh.ing value equat.on, a peak symmetry value (AE) grea.er than 1 2 or 
less than -.2 results in a peak s™me,ry we.^r.ing value (^AE> of 0. A peak symmetry 
5 value ,AE) between 1 and - 1 results ,n a peak symmetry weighting value ,-AE) of I . 

,a Tliplnniitnarameter 1305 of such a weighting 
Otherwise, a weighting tunctton is used. The input paramtie 

funetton ranges either from -12 to -, or from I to .2. Asdtseassed above, those sk.lled ,n 
the art understand that many var.at.ons of this wetghting value e,ua„on fall within the 
scope and spirit of this invention. 
,0 A left peak 1437 tllustrates one method of caleulating a peak panty we.ghnng 

value (^A.) 1 120. A peak panty value (A.) may be ealeulated by subtraet.ng a height 
,438 of a nght half of a peak (,.e„ a ven.eal d,st.anee, measured ,n tenns of signtras ,206. 
fromaloealnghtmnumum 1440 to a local maximum ,442, fron, a height 1444ofale,^ 
half of a peak „,e.. a ve,1,cal distance, measured mten.s of sigmas 120b, from a local 
,5 leftnunnrtum 1446 to a local ma..,mum 1442,, In one embodiment, the followtng 

e,uat,on may be tmplemented to convert the peak panty value , A.i into a peak parny 
„e,gh,mg ^ altic , .Noi 1 1 2" employing the lollowntg we.ghnng value equation: 



J. 

a 
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(0, Acr<-4; 
Aa = J//(AcT), -4<Aa 10; 
11, Act > 10. 



,„ th,s weigh.i„g vaK,c equation, a peak par.ty vai.e ,A.) less than -4 results ,n a 
panty weighing value ofO. A peak pari.y value ,A.) greater ,ha„ .0 results >n a 
, peak paruy we,ght,„g value ,^Aa, of I . Otherwise, a »..,ght,ng funcou ,s used. The 

ahove, those sk.lled in the an understand that ntany vanahons of this weighting value 

equation fall within the seope and spirit of th,s mvention. 

M ,1,^ f,i//v-loi;ie component 1 100 may have an 
Referring again to Figure 1 1 , the tu/v.y logic eoi |. 

. , , „i" e- oncc'v-lcvd ucigliting value I124 1iv 

lU energy-level component II -.vv,iiei.i.iouu..-,~.v. 

peak from a library 1 126 of known isotopes. Stated differently, the energy-level 
component 1122 implements fuzzy logic to detenrrine how closely the energy ,eve, of a 
peak from the pulse heigh, data matches an energy level of a peak of a known isotope. 

,„ one emhodiment, the library 1 1 2„ contains entries describing the energy-levels, 
,-e,at,vc intensily. and rcquircnient-,o-bc-presen, values of each peak Iron, a known 
„.,,,,,e. These librarv entries may be ga.hered employing a handheld CZT radiation 

.... „ ,rc .o.,.,..encv b.-ocecn the librarv entries and observe ^alues, Within 

, . , u , . iln. ..fa peak m the lihrarv 1 1 26 mav be 
the librarv 1 120, a requireu.eHl-it,.-.v-p....v 

20 dclnicd as a "must have,'' might have,'' or "unlikely." In one cmbodimenl, ,f a given 
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radioisotope from the library 1 i 25 is ,o be considered a possible mateh .0 the pulse 
he,gh, data, there „.us. be a match.ng peak (ustng fu..y log.e, in .he pulse heigh, data for 
each "must have" peak in the radioisotope from the library 1 126. 

AS the library 1 1 26 entnes are searched, the energy-level of a peak from the 
5 hbrary 1 1 26 may be compared to .he energy of a peak from the pulse hetgh. data using 
fu.zy logic. Th,s approach ,s toleram of calibrat.on error and adds to .he rebus, nature of 
the measurement, particularly when performed by untrantcd personnel. 

The energy level of each peak from .he library 1 1 26 is subiracted from .he energy 
level of a peak from .he pulse heigh, da.a, resulting in an energy-level value (AEN). In 
,0 one embod,men., the energy level of the peak is defined as the energy level of the highest 
p„„„ of that peak, t.e., a local tnaxtmum tn.leCon point. In one embodtntent, the 
following weighting value equation may be en.p.uy.u ...... -i- - ^ ^. 

(AEN) into an energy-level weighting value (-AEN) 1 124. 



V aluc 



1 5 - ^EN 



0, 15< A£W<-15; 
/7(A£^), -15<A£A'<-4; 
u{^EN\ 4< A£W<15; 

1, 4>A£'N>-4. 



Cj 



AS dtscussed above, those ,k,lled u, the ar, understand that n,anv vanattons of .h,s 



mhr: we,..h„ng value cquat.ou tail »„h,n the scope and .p,n. of ,h,s n,ve„.,on 

§ ^ ^ The tiiz/y-logie component 1 100 may have a matching component 1 1 2s. '.vhich 

■ ■ • 1 11^,0/ M-ft(-h^ ;md a listinii of radioisotopes 1 132 
20 produces a matching weighting value 1 1 (-Match) ana b 
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by analyzing the energy-level weighting value (~AEN) 1 124 and the peak analysis 
weighting value (-Peak) 1 108, To do so, in one embodiment, the matching component 
1 128 may implement the following equation: 



-Match = -Peak -and ~AEN. 

Thus, the matching weighting value (-Match) 1130 for each peak in the library 1 1 26 will 
be nonzero only if the corresponding peak analysis weighting value (-Peak) 1 108 and 
energy-level weighting value (-Energy) 1 124 are also nonzero. Stated another way, there 
IS a match only if the peak from the pulse height data is significant and possesses an 
energy level close to the energy level of a corresponding library 1 126 isotope (e.g., 
within 15 IveVs). In one miplemcntation. a iislmgul .ad,u>..wa,pc. .. .. , 
Hbrary radioisotopes in which all "must have" peaks have a nonzero matching weighting 
value 1130. 

The tlizzy-logic component 1 100 may further comprise a ranking component 
1 134, which produces a ranked listing of radioisotopes 1 136 by analyzing the matching 
weighting value 11 30 and the peak analysis weightmg value 1108. In one embodiment, a 
ranking weighting value (-Ranking) is assigned to each radioisotope from the listing of 
radioi^^opes I 132 according to the following formula: 



-Ranking - i I( -Peaks) puK,- hcghiaat 



at a 



The table shown ,n Figure 1 5 .llus.ra.es one emb„din,e„. of .h,s fon^ula, h, ,h,s 
.Ue .ve neaks i 502 were ,de„,„-,ed ■„ a correspond., palse hcgh. da.a. The energy 
level ,504ofeachor.he five peaks is spee,r,ed. A sun, ,506 of *e peak analysis 
we,gh.,ng values from .he pulse heigh, da.a ,s sub.rac.ed from a sum 1 508 of .he 
5 ma,eh,„g weigh.iug values 1 .30 of each radioisotope from .he hs.mg of rad.o.so.opes 
, , 32. A„ absolute value of .he result.ng dtfference is taken, produe.ng a rank.ng 
„e,gh.ingvalue(~Ranking, 15,0 for eaeh rad,„isot„pe from the ,is.i„gofradio,so,opes 

„ 32. The lower the ranking wcghting value 15,0, the more closely a rad.o.sotope from 
,he l,st,ng of radio.sotopcs 1 132 matches the pulse he.ght data for the unknown 
,0 radio,so,opc. Thus, ,n the example shown in F.gure 1 5, the resultmg ranked l.stnrg of 

radioisotopes 1 136 is: 



1. Ba-133 

2. NP-237 

3. Xe-133 



,„ sum, the handheld CZT radiation detector 102 provides a po.ablc radiat.on 
detector .mplementing a fuzzylogtc component 1 100 adapted to ur-ficld analysts. The 
fazzy-logic component 1 100 ,s computationally less .ntens.ve than .dentitication 
,,„r„hms used ,n eonvent.onal portable detectors, thus prov.dtng t.ntely and more 
accurate rcsul.. .o an cnd-uscr and extending the de.ee.ofs ba..ery life, Fur.hent.ore, the 

" ? ^ 5 ^ ■',,„' Mvr .mnlcnu-nl a coplanar und CZT gamma-ray 

2U handhcldc 7.1 radialionacKxloi ,(!_ma. ,m, K 

^ ,, - nr ■i'l- iit"|ici iCM-.lution than 

sensor. Fhe coplanar gnd t Z I ganuna ra> ,>ch>u, pr.. .... - 

..nvent,onal scn^tdlators. but docs not rc^u,re nvficid caHhrat.on or cooUn, to H^u.d- 



< < i ? 5 

■ r~ u. 
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nitrogen temperatures like htgh-purity germanium deteetors^ To be more specifie, the 
handheld CZT radtatton deteetor 102 provides about twice the resolution of a 
conventional seimilla.or and may be operated by untratned indivtduals. unlike a htgh- 
purtty gemrantum deteetor. In addi.ton. as the name implies, the handheld CZT radiatton 

5 deteetor ,s sized to be held ,n a person's hand, jus. as a personal data ass.stant. Thus, the 
handheld CZT radiation detector 1 02 is substanttally smaller than convent.onal portable 
radiation detectors. In addit.on, the deteetor 102 is user-frtendly because, in one 
embodiment, a user may interact with the detector 102 through a personal data assistant. 
The present inventton may be embodied in other specific fonrrs without departing 

, 0 from ,ts structures, methods, or other essential characteristtes as broadly descnbcd heretn 
and elatmed hereinafter. The descnbcd en*od.mcn,s are to be cons.dered in all respects 

, . i'fli,' linc't'on IS. thcreii'tc. indicated 

only as illustrative, and not restnclive. inc s.op. ... ..ic .u.c 

by the appended claims, rather than by the foregotng desciipt.on. All changes that come 
within the meaning and range of equivalency of the claims are to be embraced wtthin 

1 5 their scope. 

claimed and desired to be secured by United States Letters Patent is: 
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